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NASA TT F-9807

A System of Characteristics and
Parameters 1s Proposed for Evaluating

the Elements of Automation.

PART I. BASIC CHARACTERISTICS AND PARAMETERS OF ELEMENTS ASSOCIATED

WITH AN ANALOG CONVERTER

Section 1. Static Parameters and Characteristics

Sensors, amplifiers and other components which establish a continuous Zi*
functional association of two circuits (input and output) are determined by the
following series of relationships and parameters.

1. The most important one of these relationships is the control charac-
teristic y = f(x), which establishes the variation of the output parameter y as
a function of the input parameter x (fig. 1). When hysteresis is present in the
mechanical or magnetic part of the sensor, the forward and return branches do
not coincide.

2. The control characteristic is limited by the lower and upper limits of

the input Xnin and Xnax and output y and Ymax parameters. Each of these

min

and P and

ame . . . - . )
par ters is associated with a definite input power PX win X max

tput v . .
output power Py min and Py ax
3. In addition to the upper limiting value X ox? which is determined by

the extreme operating point on the control characteristic, there is a quantity

Xpax 1im? "2ich is the maximum permissible value from the standpoint of the

*Numbers given in the margin indicate the pagination in the original foreign

text.



NASA TT F-9807

thermal, mechanical or electrical strength of the sensor input parameter x.

The quantity x (or the corresponding value of power P ) is some-

max lim X max lim

times referred to as the overload capacity of the sensor.

When x . acts for a period of time T.. or the equivalent, ener
max lim b © lim ( q lent, gy
- =P _._ T , the sensor must not change its properties and charac-
L X max itim Lim” -

teristics.

L. The ratio y/x = S is called the sensitivity ("total sensitivity"). /4
More frequently the value Ay/Ax = S' is used, which is the differential (or
local) sensitivity. S and S' are constant only when the components have ideal
linear characteristies. If the characteristics are nonlinear, then S = fa(x)
and S' = f'g(x).

5. We can differentiate between components without variations in the
tuning (Xmax'xmin) = const and (Ypgx-¥pin) = const and x = const and ele-
ments with variable tuning. Components with variable tuning may be achieved
in the following manner

(a) by varying the values of Koy When (Xmax'xmin) = const and (Yyay-Ypin)

= const;

(b) by varying x  and (x -x . ) when (y -y . ) = const;
max Comax min TTmax Tmin’t
(c) by varying ( max-ymin) when x = const and (XmaX-Xmin) = const;

(d) by varying x ., (%, ~%min) @0¢ (Ymax-Ymin)-

Figure 1. Variation in value of output parameter

as function of input parameter.

2




), ( -y . ) are shown by means

The possible values of x___, (x -x y
max max  min max ~min

of a table of control characteristic.
6. 1In a series of cases components with continuous transformation are used

which have several inputs (for example, two or three) and consequently several
igrals. In this case the control characteristic y - £ (x, % % cel)
is constructed as a function of one of the input signals, while the values of
the other signals are used as variable parameters when the curves are constructed
(fig. 2).

7. In the general case the variation of output parameter y (for example,
current or gas or liquid consumption) is determined as

f/“=,’%; or Y ‘—‘/<ac'7/'!‘f ;
where v is a quantity which in a given energy scheme is the source
for the origin of quantity y;

R, i1s the quantity which depends on the physical or structural

X
factors and which may be determined as the "resistance";

K, = 1/8L/2 is a quantity which can be called the "specific admittance."
X

In actual elements the parameter x causes a variation in RX (or K ), i.e.,
X

Ry =F(xjor K, =F (%)

this leads to a relationship y = Kval/z and to a control characteristic

vy = vl/e.Fl(x) = f(x).

Therefore in many cases it is expedient to represent the elements given by

R, = F(x) or K = Fl(x), by the corresponding relationship y = f(x) when v = 1.
X
When the load is connected in series and has a resistance RL we have
V= v, vV



Figure 2. Functional characteristic.

or v_ = yQ’RL + ¥ /K% = ¥ (R +1/k%]

and consequently

Examples

,/ Z/J‘{ Ke

g= [ﬁ/{-._lz_.]&—[p P *l/"

As an example we consider the control valve in the flow of a working

liquid.

where AP

In this case the output parameter is y = Q

gz"Z;Z:AP or Qm/?f:j/ AP% Kz AP‘

is the pressure difference;

. C s o 03 am® aee

is the liquid consumption, m /cm sec;

is the specific weight of the operating liquid, tons/m3;

is the acceleration due to gravity;

is the hydraulic resistance factor which is a function of the input
parameter x, and also of the physical properties of the liquid and

the design of the valve.
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Figure 3. Variation K, = f£(x).

In the case of the valve, the input parameter is the displacement of the

valve rod x = H. Figure 3 shows the function

Kr=F(2)FHE)

The following functions are most commonly used

(a) k=) - logarithmic characteristics;
Ky €

(v) Kx=Kxo*/'z(‘7//,if) - linear characteristic.

The value H = O corresponds to K and vy

corresponds to the values Kx and Yax"

max ax

In the case of the valve the relationships K, = F (HX/HlOO); 5005 ¥, pin

and K are usually assigned (to determine y.;, and y . ); K

K .
X max X max/ x min

8. The operation of the sensors is frequently associated with a continuous
removal of energy from the input circuit. 1In this case it is necessary to ﬂ
know the input impedance, which may be determined in terms of the apparent con-

sumed power NK as

-3
Zipm= 7 ete.
5




To achieve a correct selection of the parameters of the control (output)
circuit, it is also necessary to know the output impedance of the sensor Zout'

9. Under actual conditions in addition to the effect of the parameter x,
the sensor is also subject to various external factors: the temperature 6°,
precoure
a and vibration AF' It is also possible to have a variation in the position of
the element in space, i.e., of the angle ®. Thus we have the following expres-

sion for the wvariation in the output parameter

y =-7[[’r1&;/o)2%;a’AF’ d)

or
o
ay* ;‘é‘ﬁawﬁ‘f—am#m‘ o+ ghae
}LAQ+—%LAP+ +—%L'A¥
o 4% dap . (1)
—J}' AZ + _‘3,#-
dx
If we designate, respectively, by Se, Sp, <.+, S, the partial sensitivities
dy/ae°; dy/dp; ... dy/dx*, and let dy/dx = Sx and if we substitute these values

into (I) we obtain

Aj -:,Sx~Ax+50'AO°+~--+ S.L'AOL

or

4y Sx/?r+"‘40f- +€%LA%/
e :

*¥In the general case the partial sensitivities are functions of all the act-

ing quantities: Sy = fé (6°, p, ...@); Sp = fé (p, 69, ...a), etec.

6



The smaller the partial sensitivities Sg, S S_, the smaller is /8

p? cr Sy
the effect of external factors.
Sometimes, in addition to the relationship between the control quantity y

and the input sensor parameter x, i.e., y = f(x...), we have the inverse rela-

A, = af,,.
z Ax+a, Ay,,

izf/'z::Q:P:"‘d)

and

oY
. ——AY.
A5=5 e+ S 8+ Sy B+ Sk gy J

Assuming that dm/dy = By, we have

%y 75 {y/k AJH&S ~A8°%.. +é& A%/

The values of the partial sensitivities are usually not constant, but
depend on the value of the actuating quantity, i.e., Sg = fy (8°); Sp =T, (p);
- Sy = fK.(a). These relationships are usually presented in graphical form.
10. It is important to know the magnitude of two limiting values for

the quantities Go,p, Z%, ... @: 1in one case, when the accuracy of the sensor

does not exceed the assigned limits 6° , and in another

el O
llml Pllml liml
case, when the sensor is not destroyed or when the residual characteristics
are retained: 69, P N A
limy’ limy limy
To eliminate the effect of external factors, two identical sensors are

frequently used in a compensating (differential) scheme. In this case the

basic control (input) parameter is fed to only one of them. In this case



Ag-/ifx-ax 15, A0 ¢+ S, 4 oéf/-/59£-A9'f“.+,5;2.A4i]
S BT (5075, ) a8 #(50,) a2, ]

S ; ... 8, = Sag’ we obtain Ay = S, Ax.

or, when Sy g'Se ; Spl b, o

1 2
11. The sensgitivity of a sensor or of another component varies with its
operating time (T), i.e., Sy = ¥ (T). In the general case /9
»5.2:=’5.1‘.+ a/ré (AU

For SX = ¥ (T) the following expressions are frequently quite accurate

—tey T

’S-t :Sxp -e’k"r or :5_;- =)S,xp,*5xo,' e - .

The value of K_ becomes high when the values of the following relative

loads for individual parts of the sensor are high: the mechanical loads

$
Pm/ Omax (where D is the mechanical prgsure in different parts of the sensor;

o] are the maximum permissible mechanical stresses), thermal loads

max
0 /0 . .
/0 max lige Megnetic loads B/B payx 20d electric loads E/E‘max'

12. Volume V and the weight Q of a sensor are also important factors.

Tt is most convenient to compare various sensors by using the ratios V/yT

and Q/yL or the inverse quantities yL/xfand yL/ﬁlor the equivalent ratios

yL/Nfand P /Cb where y is the nominal value of the output quantity.

Section 2. Dynamic Properties and Characteristics

1. The relationship between the instantaneous values y and x during the

transient process can usually be given in the form of a differential equation

m m-1
j’%"*q#* G 8% 1L E bz,




where m < n, or in operational form

(a.psap e va)y=(bspT tb P e s ) x

or

Bl )
E L [npreape )
o 14

This relationship is known as the transient function of the element.

Figure 4 shows the variation (time characteristic) in the output signal 11_0
quantity (y) during the stepwise variation of the input quantity (input signal)
(x = I).

The following quantities are significant in evaluating the dynamic proper-

ties of the element: the delay time ('"dead time") T, (fig. L), the rise time

‘tun.ﬁ..
Tl and the total transientA Tt' The total transient time TJG is the interval
Time characteristic of finde
Moy value tfn"l:?'?f" Co“::‘" variable o
. CYYTut .
Al T e, smesoresre | TR
| o ﬂ// / -
[ ’ : v{ f |
!‘. Liassianed pand
{;,r 2dyust ment
\/ Y TROM SiENT hme
% [
L)
i 2
£y
o
§ v E
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8 a a ALUE
]2
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g .
0 ( /-iuim wue
eve Ml TIME~——>
SAL - Ndjusimen time \ 't)

Figure L

9




of time from the start of the transient process to the achievement of a steady
state value for the output quantity (output signal). The accuracy of the steady
state value of the output signal is determined by the error of the element.

By taking into account the delay time, the time characteristic can be

represented in the form

T

a,pra, pllim+ T,

If the sensor is under a continuous action of parameter x given by x = Xm-sin wt

. . . T
or X = Xﬁ~ert, then y = Y-ed t, and by substituting values x and y into the

preceding expressions, we obtain

Yo /
w?/w).—XM an(‘/“”’)n U,(/‘(,J}ﬂ".‘._...-f—a,,

This relationship is known as the amplitude-phase characteristic (fig. 5).
Instead of this characteristic the amplitude-frequency and the phase-frequency
characteristics are frequently used. They are obtained from the amplitude-

phase characteristic, if the denominator is represented in the form

~ L7, N D
Tel S T (YT T T TS ST SOy
Then the amplitude-frequency characteristic will be given by the

expression

A) =[G > s

and the phase-frequency characteristic will be given by the expression

({’: Q2c % ﬂ@/ﬁ;} .

10
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Let us assume for example that ®w = wy = O, then /13

/M/(c.}/:/—)%:'/a:a = 3{‘7'%5,::

o _
and the ratio of W(w. to W) is given by Wlw)/Wo) = V2325729227i

If, following the conventional practice, we construct the fﬁnction W@u)
to a logarithmic scale, we obtain the so-called logarithmic amplitude-frequency
characteristic (fig. 6).

2. In addition to elements which give a linear relationship (fig. Zl&
7a), frequent use is made of elements which give an integral and a differential
relationship between the output and input quantities.

For elements with an integral relationship (fig. 7b) we have

'l

_ Ay
K;=S;= g SR Aé/f ) .
N X~ axr '

11



and for elements with a differential relationship (fig. Tc) we have

In complex elements, used as regulators, combined relationships are usually
used which are achieved by

(a) PI elements
/ 1 F
é}:k x/{}f‘—‘ .z/zf}qlé’ where K = S.
y ‘[ ;[‘ p

In symbolic form, by neglecting the numbers with higher frequencies, this can

be represented as

¥
X o when O £ b << 1,

where By 1s the ratio of the amplification factor in the linear circult to the
static amplification factor;
TI is the time constant of the integrating network (fig. 8).
(b) PD elements

y(ﬁ}:kp[_xﬂ}f'@ q’;r/_g@l where Kp = S,

?

or in symbolic form, by neglecting terms with higher frequencies,

Yo, T
Z : when a > 1,

x '(,D / + Z‘J;_H

where KD is the amplification of the derivative;

™~
i
\JI

TD is the time constant of the differential network (fig. 9).

12




Figure 7

(c¢) PID elements

AL 3

I

j/f):k/a,x/é}’c% _fz/{qué,f*zz; (;/,_zu“/,

where

7
a,:/"”/rz )

or in symbolic form, by neglecting terms with higher frequencies,

y —+k u-”71 */f/bo/é,_“_.
X R b o > <p<
P Lo, 1D when a » 1 and O = b < 1,
u)7l' K

KD is the amplification of the derivative;
bo is the ratio of the amplification factor in the linear circuit

the static amplification factor;

]
W

to
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TD is the time constant in the differentiating network;

TI is the time constant in the integrating network (fig. 10).

3. Table 2 shows the dynamic characteristics for the basic types of
elements.

b. A distinction is made between the elements with nonadjustable dynamic

characteristics and elements with adjustable characteristics. In the latter

one or several parameters may vary

a, b, T

o I P

5. We should bear in mind that this examination of the frequency char-
acteristics may be applied not only with respect to the input parameter x,

but also with respect to any of the quantities acting on the sensor (6°,

z%, ... a).

1L
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Section 3. Error 1/37‘

The functional characteristics are not sustained accurately due to the
presence of various forms of static and dynamic errors.

I. Static Brrors

ie errors can be divided into determined errors and nndetermined
(random) errors.

A. The determined errors of the elements in automatic control equipment
include the following

1. Methodical errors

1.1. The methodical errors are caused by the use of an approximate func-
tional relationship y = f(x) in place of the necessary functional relationship
¥y = Folx).

The values of the methodical error dy, are determined as /18

Ajn :_}(c [-I} —f(.l‘)

1.2. The methodical error can be subdivided into the basic error deter-
mined when the external factors (92, Zo%, ao) are constant (assigned, 'normal'')

and a complementary erraor produced by the variation of external factors

2. dastureriel Ernors

2.1L. When the external conditions are unchanged, the relation between
the output and input quantity, taking into account hysteresis, may be repre-

sented in the form

JFetagh

16



Taking into account the spread in the values of each term and assuming that

the spread in the values follows, for example, the normal law

F(x) = fx )2,
Ayth —; * /762

we Tind fkut Ty
4] 28 +nGy
where 6;: f+c§2
Usually a linear relationship between the output and input parameters

is required
y‘;zs e

Assuming that 8 = 5§ + noé,

placement at the initial point of the characteristic, we have

and taking into account the possibility of the dis-

i =[S0 18] (aom0,)= S for )+ O -%),

In addition, we should take into account the variation in the value of

S as a function of time, i.e., we must assume that

7.5 .83
b_&+At ¢

’

and we obtain /19

ARG Ll A sl

17




The instrumental error is determined as
4y =7 5
or

sy lf e Gere]- [ o e frr0te=r)]

<2+ ez, i60
By determining Tz =Vor (2 %) s we obtain the maximum instrumental error

;. ’ -— ' S, + ’
Aé":/-:/{‘/z/—sa/’r"Q;)]wax. tdyﬁmar_ ,:[ fu‘- /-Z'-x.}l‘]m" ”ﬁ
[

o
srror dus to error ‘Cus to drift
|ﬁon11naar1ty bysteresis
B . .
. deterained errors ‘ raudos errors
vui’af.ion

The individual components of the determined error may be established in
the following manner.

2.1.1. The error due to hysteresis and dry friction can be determined as
the maximum difference for the average of a series of measurements of the output
signal when the input signal remains constant, while there is an increase and
a decrease in the output signal, i.e.,

7ﬁg,i&/
maoxe

A71=2' n n

or 45/;"2"[5, 'A-Z‘/qu’ where Axh is the width of the hysteresis loop.

The relative error dvue to hysteresis is determined as /20
A
d;= ';/duma.z

18




2.1.2. The error due to nonlinearity for elements with a linear charac-
teristic are determined as the maximum deviations of the true curve y = f(X)

from the straight line, i.e.,
f s [ B

4

The relative error due to nonlinearity is equal t05;=;@t.

2.1.3. The dead zone is the minimum value of the input signal which pro-
duces an output signal.

2.1.4. Drift is usually determined as the maximum deviation of the output
pérameter when the value of the output parameter is x = O during an assigned

of tima —
intervalrt = tg = 1 hr, tg = 8 hr, to = 2k hr, etec. Aﬁl: 55&—)3-%,/
3 at max.

2.1.5. The variation is equal to the maximum value of half the difference
between the maximum and minimum values of the output signal, obtained by a
series of measurements of the same value of the input signal (x = const) as it
rises to a maximum value and decreases to a minimum value when external factors
are constant.

The value of the input signal x = const is taken for a series of values

X = X = ... between x = x_._ a = X ___; the loecal variatio
15 X Xg’ bet n Xin nd x max’ local variatior

the input signal x = x . are determined; the maximum value of

1) X=X

2)
these is the variation. The variation determines the error incurred in repro-
ducing the values of input signals (with an input signal x = const) with re-
peated signals supplied to the element during a short period of time while the
aging processes still have no effect.

2.2. The complementary instrumental errors due to the variation of

external factors (complementary error).

19




The absolute value of this error is equal to /21

Ay$=50'4*9°*rg'5~2*"'45,¢ Bel=E S Ax,
E .

(subscript ef = external factors)
while the relative error is equal (o $_p = Ayef/ymax'

2.3. The spread (scatter, dispersion). Instrumental errors do not remain
constant for different samples of the element, since the values S, SG’ e By
cannot be strictly constant.

2.4. TFidelity. Instrumental errors change with time since Sy, SG’ cee Sa
vary with the operation time of the element.

IT. L7Aanna.ErTvvs
Dynamic errors which occur during the transient process are determined

as

Jjﬂ]j&‘j%&h

where yy is the required value of the output quantity at the instant of timef)
N

y(t) is the true value of the output quantity at the time instant.

For a linear element we have
uéL
Ay/sz;/f)/ﬁx' _31({}/'

Or, conversely, by assuming that y(t) = Wp)-8y(t) we obtain

Ayft)= g J&) =~ Klp)-2Y4(2),

4




-y

or

The maximum value of the dynamic error during the first extreme wvalue
(i.e., if we do not take into account the initial instant of time when it is
equal to _yFQ which is equal to Ay(t)maX is called the overshoot.

During the sinusoidal variation of the input signal with frequency Zgg

wi we have

. Ykfedi) Y (W;) ,
Ay(b%)’ /fk‘/'w,_) /+C[w‘-)+f/' BW;)

The maximum error is determined as

}/K{“Jc' ).;,’nx
VI7ecia > %)

Ay /w" )qu =

and in this case the phase shift is equal to

v{:azc\‘j. 1+ (W)

Section 4. Information Characteristics

The elements of automatic devices are used to obtain transformations,
to store, éhape and utilize information. Therefore it is necessary to evaluate
an element from the point of view of its information characteristics; for this

purpose we can use a gquantity which characterizes the information flow
[ Lmox - Xmin
F:A]('Ijz[/"‘ AXg ,

where Af is the width of the passband;

X s, X . are the upper and lower limits of the input parameter;
max min

A
x5 is the total static error.



We can introduce certain cumulative characteristics of sensors proceeding
from the following considerations. We can take a point on the amplitude-
frequency characteristic W (@) = ¥ (@) which corresponds to a decrease in W (w)
to some assigned value, for example, W (w)/W (0) = 0.9 or 0.7 or 0.5, etc.,

which has a corresponding SX = 3 and an angular frequency @ = o, or o = wn/

F

2. The product Q = S,y Ty simultaneously defines the static as well as the

dynamic sensitivity. If in place of the value an we take S then Q0 =5, °f .

xo? Xe n

If the quantity F is multiplied by the time corresponding to the operating time

of the element Tc, we obtain a new measure
Xmap —Xn-in
A=afT. %.{ Amap —Znin,
Af < > /4- !sz /l

which characterizes the quantity (volume) of information received by the 123
sensor during its entire operating time.

Finally the quantity equal to M= S_z'A]‘/'.‘Z‘{, /* ":.2:; '"i"] , is a cumulative
parameter which characterizes the basic parameters of the sensor: SX - sen-
sitivity (8 or Sxo)’

Xpax and Xpin 8re operating limits,
Af is the boundary operating frequency band.
Section 5. Reliability

One of the basic parameters of an element is reliability, i.e., the prob-
ability associated with the proper operation of the element. The quantitative
value of reliability is determined as the probability of achieving an assigned
function under assigned conditions; the quantity depends on the design factors,
time and operating mode of the element.

Reliability is distinguished as pertaining to total (catastrophic, sudden)

failures R, and reliability with respect to incomplete (gradual) failures Rb.

22



1. The value of relisbility R, (fig. 2) is determined as

The

the form

where Xo

K
P’ O

value of

.
-/A7¢
»

’

R,=e

it is determined as R_ = e ", where ) is the intensity (“dan-

the intensity ("danger") of failures may be represented in

J=).'kP’K3"‘;

is the intensity of failures in the nominal operating state, while

K are correction factors which take into account the variation in )\ when

there is a change in the load (P), temperature (o°), humidity (2%) and in other

factors from their nominal values. The values KP’ Ke, ++.. are usually assigned

graphically.

2.

The value of the reliability Rb for an analog element is determined as

the probability that the true value of the output signal y correspond to /2h

its design value y = SX-X (when x = const) with an assigned accuracy

;‘Z:— zconst

:d;=5 .

At the beginning of the operation the assigned accuracy =*§. 4Yx

o
y/ﬂn7l'

corresponds to Ry = 0.997, when 6 = + 3 ¢ (fig. 12).

With time the value of‘,iz=51.+géﬁr varies, which causes a displacement in

the value of y = S_-x by an amount Ay = (SXO'SX)'X’ and the band 2 6 = 6 o will

now be assoclated with a value Rb < 0.997.

no
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Figure 11. Curve showing variation in reliability

as function of time for total element failures.
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Figure 12. Variation in reliability for incomplete
analog element failures.
3. The resultant reliability of the analog element, which is determined
as the probability of proper operation with an assigned accuracy, involves the
coincidence of two events--the proper operation of the element in general (Ra)

and its operation with required accuracy (Rb)’ i.e.,

R=Ra R -

The reliability parameter is closely associated with two other parameters,
{zs
the technical resource and operating life.

Technical Resource. TT is.the sum of time intervals associated with

failure-free operation of the system or of the device during its period of

exploitation, wuntil breakdown or some other limiting condition occurs.

2k



Remarks:

It is possible to distinguish between the "total technical re-
source" which is measured from the beginning of the exploita-
tion, a ”residuélAresourcef which is measured from a specific
instant of exploitation and an "average technical resource' which
is the average value of the total technical resource of a given
system or device.

The "guaranteed resource”" is the technical resource which

is exhibited by not less than Y percent of the exploited systems

or devices where ¥y is a guaranteed probability.

Useful Life. Tc is the calendar longevity of system or device exploitation

until it breaks down or attains some other limiting state.

Remarks:

where t

It is possible to distinguish between the "average life" as

the average calendar longevity of system or device exploitation
until breskdown or some other limiting state and "a guaranteed
life" as the calendar longevity of system or device exploitation,
during which the manufacturing plant is responsible for any
malfunctions occurring during exploitation, notwithstanding

er operating procedures.

1
cae aqnulre D

For elements which can be put back into operation by ap-

propriate repairs a technical preparedness factor KT is intro-

duced, equal to

T,
RS SS
KT- 7‘7 fZéP

is the repair time.

The quantity characterizing the probability of sound operation is then

determined as

P=R.x

re
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PART II. BASIC CHARACTERISTICS AND PARAMETERS OF SWITCHING ELEMENTS

Section 1. Static Parameters and Characteristics

The static characteristics of switching elements (fig. 13) include /26
the following:

1. The operate parameters. Xa - the average value of the input signal
(X) for which the element goes from the inoperative to the operative state.

2. The reset parameter X5 - the average value of the input signal (%)
for which the element returns to its initial state.

3. The ratio Xp/X_ = K_ is called the reset factor.

L4, The operating parameter Xp - the value of the input signal (X) selected
as the nominal (operating) signal.

5. The factor of safety during operation is equal to the ratio XP/Xa = Kp,
while the factor of safety during release is equal to the ratio Xh/Xo = Ké.
Here Xo is the residual value of the input signal.

6. Control factor - K = y,../X,-
c max/ *a

7. The multiplicity factor is determined as KK = ymax/

s W
Ypin Where Y e,

X
corresponds to X 2 Xa (usually when X = XP) while yp;, corresponds to X = Xb
(usually when X = X)) -

8. The switching elements can be adjustable or nonadjustable. In the
latter case the values Xa, Xﬁ, KK can vary.

9. TFor noncontact elements the transfer characteristics (of signals) /28

are used ("input-output" characteristics; fig. lba and b)
2z

ynu \ .):,,,q’
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Figure 13
Points a and ¢ correspond to the nonoperative ("zero") and operative
("unity") state of the element. 1In case of a "repeater" element, the "zero"
state corresponds to(y/ymax) ~ 0, while the state "unity" corresponds to the
value (y/y ) m~1; with an "inverter" element we have a corresponding value
k“{ygvm);“,ai Aining the o0 ShE and

max) a2 O for the "unity" state.
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An important parameter is the value (X/XmaX)KF'which is the critical value
of the relative magnitude of the input signal. It is important to know the
variation in (X/Xmax)KP as a function of various factors, such as voltage, tem-

perature, operating time, etc.

[fx \ . [Xx x +A_(.r)4,,.
(.t.‘.:”,/}KF— (xmal)KP: A'(xlﬂa,{ )ﬁP, & vrma_r KP.

In addition to this it is important to know the spread in the values

(X/X

max)Ko (for "normal" wvalues: V, 6°, ...) for various samples Of the /29
'O

elements. Usually the spread in the values (X/XmaX)KRo is made to conform to
the normal distribution law. Therefore, it is important to know the average
value of (X/Xmax)Kpb and the root-mean-square deviation o.

10. The boundary characteristics are the characteristics which determine
the limits of permissible values for individual parameters of external reactions
for which the operation of the element is possible.

To dgtermine the boundary characteristics, all parameters of external re-

actions Ui are preset to a fixed (initial) state. The element is connected to

28
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Figure 15

the circuit which contains an assigned load at the output (the assigned number
of other elements is n =1, 2 ...). The input of the element is fed with an
assigned quantity for an assigned period of time ( "normal" or "minimum").

By assigning a series of wvalues Ul for one of the U - parameters (for
example, U = 6°), the value of another parameter U, (for example, U, = V) /30
is established, for which the element ceases to function properly (under assigned
input and output conditions). The values which are obtained are plotted on a
graph of U2 = f (Ul) and a curve is drawn through these points. Several meas-

urements of the third parameter U_ are taken and Ul and U2 are determined for

3

which the elements cease to work. This is repeated for several values of parameter

Uh and for several values of parameter U5, ete.

The curves which join the obtained values of parameters Ul and U2 with fixed

variations of parameters U3, Uh’ U ., are the boundary characteristics (fig.

5 -

15). The region lying inside the boundary characteristics determines the per-

missible variations of the parameters.

29



Section 2. Dynamic Characteristics
The dynamic parameters and the characteristics of switching elements in-
clude the following:

1. (a) The operate time t, - the interval of time from the application of

(._*-
>
D

input signal to the appearance of the output signal;

(b) The reset time t. - the interval of time from the determination of

b
the input signal to the cessation of the output signal.
The operate time (ta) is a function ta = £ (Kp) of the safety factor Kp;
the reset time(tb)is a function ty, = fp (K,) of the safety factor K-
The functions t_ = f. (K ) and t, = £, (K_) (fig. 16) depend on the time
a 1 D b 2 b

constants Ta and Tb which are determined by the design and parameters of the

circuit for the input signal. The time constants T, and Tb correspond to the

A

2ot
Xoer =€ = 0.63.

variation

2. The elements can have adjustable or nonadjustable time characteristics.
In the former case the following characteristics are assigned: o=/, (kp,2) and

£1=Uez(k%'2): , where 7 is the value of the adjustment parameter.

3. The characteristic showing the variation in the ratio of operate Z§£
time to reset time as a function of the input quantity (input signal) are given
by : tl/t2 = f (X).

The switching of the noncompact elements from the 'zero" state to the
"unity'" state and from the "unity" state to the "zero" state takes place during
a period T, which for many types of noncontact elements (magnetic, dielectric)

may be considered as equal to

T==257"

30



Figure 16

where Sw is a constant which depends on the material and design of the elements;

XO is the limiting value of the input quantity.

Section 4%. Reliability

1. Since the individual errors have a constant and a random component,
the spread in the values of operate parameters and reset parameters have a
form shown in figure 17. Usually the operate probability and the reset prob-
ability follow the normal law. Therefore, if the operating values of the input
parameter Xé are assigned as well as the zero value X,, the operate probability

(i.e., reliability ) R',, and the reset probability R", are determined (fig. 17)

as
,el » 7 Ié_[i;éf‘vld
= o
$ e, ver . ’
x, —_
. (x‘_.z‘)z
while R =1 14 T 26t

[*¥Section 3 not given in the original text.]
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2. After a period of time, and also due to external factors such as tem-

perature, radiation, humidity, acceleration and others, there is a change in

the wvalues
/32
[ I L/-..C{_’A 40/'2?" AR+ /
FaTFet dFa T, [ T e 2E
and [ o
= = . _ 37 _a’gé a.xg ° ]
L Tt AT =L [ al+ Jo° A0t

This produces a change in the operate and reset probability of the element.
The probability that the element will operate and become reset for given values

Xp and X0 is equal to

/Q;-T/Q; Ry .

3. In addition to failures in operation due to the spread in the operate
and reset parameters of the element, and due to their variation with time and
under the action of external factors (temperature, radiation, humidity, ete.),
it is also necessary to take into account sudden failures, which are determined
by the relationship e;e'“ , where ) is the rate ("danger") of failures.

The value of )\ depends on the operating mode of the element and on the
action of external factors (temperature, radiation, humidity, etc.) i.e.,

A= XO°KP-K9 ..., where

/<p=(l‘/,(‘°’%%); ka=%[a.—9;)' etec.

while A is the rate ("danger") of failures under nominal values of the load
0 2

temperature, humidity, ete.

32
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Figure 17. Variation in reliability for incomplete

failures of switching elements.

L, The resultant reliability of a switching element is equal to

R=R, R¢
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APPENDIX 1. PERFORMANCE CHARACTERISTICS

Of the basic criteria which are used to select devices aud eguipmcnts for
automatic control, protection, regulation and control, the following performance
factors are frequently considered. /33

1. The cost of the element (device, equipment)

where CX is the cost taking into account the shipping costs, installation costs
and adjustment costs;
n is the number of identical elements in a functional system;
T dis the useful 1life of the industrial setup;
TX is the useful life of the element.
By using this expression it is possible, when evaluating the costs of
comparable elements, to introduce a correction for the useful life of an ele-

PR I

ment (device, automatic equipment). In this connection it is important to ta

Tr~
=

into account the useful 1life not in the absolute expression, but in relation to
the useful life of the basic industrial setup.
The cost of all elements of a functional system during the useful 1life of

the installation is given by expression

xX=m

C’ :Z Cz”z

xxy

iR

where m is the number of element groups which compose the functional system.
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2. The cost of additional energy and additional material required for

the operation of the elements is given by

G,
Z—g C}x”xl ’

where CyA is the cost of energy and auxiliary materials for one hour of ele-

ment operation.

3. The operating costs are given by /3k
N
C}—A/’Cz.n ’

where N is the total number of elements;

N, is the number of elements per individual of the service staff;

CZLiS the average cost per man-hour.

4. The possible cost due to losses in the technological process caused
by the breakdown of individual elements is given by expression

C,,=fm/7_z~€.~ix’z9e ix=/—e,=/—e"‘_z)£=l72

Xxs/

The total cost is given by the expression

N K:Y L 7 Vel N ~ B
Ci—gc“:icx‘n—t—’i-*-z’:cyz'niz +—/—Y.— 627;"'2': e-Colx Te.
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